June 24, 1952 

M, F. HILL ET AL 
ROTARY FLUID DISPLACEENT DEVICE 

Filed April ii, 1950 

2,601,397 

8 Sheets-Sheet I 

FIG.: 



June 24, 1952 

Filed April ii, 1950 
FIG.'lE 

M. F. HILL ET AL 
ROTARY FLUID DISPLACEMENT DEVICE 

2,601,397 

3 Sheets-Sheet2 

MYRON FRANCIS H ILL 
FRANGIS A. HILL2ndl 

ATTORNEY 



June 24, 1952 

Fild April ii, 1950 

M. F. HILL ET AL 
ROTARY FLUiD DISPLACENT DEVICE 

2,601,397 

3 Shees-Sheet 3 



Patented June 24, 1952 2,601,397 

UNITED ,STATES PATENT OFFICE 

2;601,397 
IOTARWï " FLUID DISPLACEMENT DEVICË 
Myron Ftanci Hill and FrarfCis::A.'Hill» 2nd, 
Wstport, Conn. 
APpli/tiÇn Apil 11, 1950/Serlal No. 155;176 
l:I,Clims. (C1. I0316) 

Our invention :2eltëS to r0t2y fluid dis- 
placement :device s emP!oying'r0tors having novel 
tooth relations, 'th '0uter 6tor lïaving aIriv- 
-ing .connecti0n fo .mairi:t'in contïnuus. flUid 
pressure holding.eriggem'ents bètween tl-ië :eeth 
of:rotor hmbers as they ëiose'in pumps and 
as they open.in-:m6ttîrs. 
This -case,  c6binël ith :dded fe:tuvës, is 
a continuation 6 pt of our aiplication Ser. 
No. 561,948, fÏlecl 'NoV. 4, 944, hich in turn, 
combined Wih Të:w ma/ter, is a Continution- 
in-part-Of oUr !giPÏicàtion 'Ser. No. 452;654, 
filed July '28, 'ig42, now.abàndoned, whi6h in 
turn, :combined Wih new marrer ïs a c'6ntin- 
uation-in-part 6f 0Ur "apPliCgtion Ser. No. 
22;95, fllëd :SePt. 4, i98, 'now Patent No. 
2,386896, issued ï3ct6b:ër =16, ï95; our tënt 
No. '2;38896 beïg a e6fitiuation-inpat o 
said aplic-ti0n 5g54; n our :gplicati0n 
659,098, led A-P. :2, ï96, ow Pgtent No. 
2,547;392, isue prii S, i951, being Iso in 
part a cohtinudti0n--dr our said 'aplioEtions 
452,65, an 56.1:948 filèd Nov. :4, 1944 'dll6wed 
and abandoned; 11 0 hi, ih recfied lies 
of vision between tém, eompise a Sep-by- 
step devëlopment over :he ye'ars 6I His new 
art of roty ::pmp n ene con'trUctibns 
wîth flui PëssUre 'h6ting to6th engggents 
between .chambers opig d ël0ing urg 
rotation, in this famCy trèe0f co'ntinu0s Con- 
tct r6t0rs havi diffèrënees in 't66th tios of 
two or mOre, f0tör teéh 'ere based t flrst 
upon .a difference o'f one o0h (rissüe Patët 
21,316), .n :hich etr'a wie teëth on 0e fo- 
.for were split ito:two teeth bY cuting a tobth 
space in :the middle 6 'ea'ch toth, an ptting 
an-extra to'6th, to'-atch, in thë e'xra: wïde tb0th 
spaces 0f he ohër rstr. è 'reult 'S a 
common Center of 'eUVthre for the 6ff ies 
'of an two consectiYe te'ëh. 's gS bed 
upon the differëhee 6f-'e tOoth cnstrucion 
in 21,316,- which :ad .pesa2e ales of 30  to 
50  more or less. e:nextot,imrtant de- 
velopment was=:esigg tëèth:by the ew 
2eorem oï ge6më, d'srîbë:d 'heëin, where 
the centers oï :the .Sfdës wee no :loer like 
those in '21,316, :but 'adted .':to pr0Vide pres- 
sure ates.0f 1  t0 20  6e.o'r less,.cpgr- 
able fo ordinafy gear ptice. 
is case also conaim :dëseriptive :mter 
which my be later iided oUt,-iclung a 
method of truing out ogtër :.rt0s .:for 'pre'cision 
in mnufcture the 0b]et-.f the. diviïon 
i fo avoi too .mg facs d :lis in 
0 

:Out application is subbrdinate to our said 
application 659;098. In hat case, specifically, 
the .pirà0n hs thedriving connection, which in 
a pumtc :maintains tight tooth relations of open- 
5 ing chambers. Genéic'ally it maintains fluid 
pressure holding engagements bètween the teeth 
having a difference in .number Of mo.re than 
one with a hunting ;'relation between all the 
teëth. In this case':the outer rotor, having the 
10 tlrive connection, mair/tains säid engagements 
betïVeen the téëth. 'Ports are shown and de- 
scribed for use ith inc0mpressible liquids and 
wirh compressible gases including air). The 
0bject'is to maihtain such engagements by ap- 
15 'lJlying :the drivë :forcée to the outer rotor to 
engage he tèeth of 'the Pinion to maintain 
tightness of c]0ing Chambrs of pumps and 
opening chambers of motors. Maintaining 
tightness bëtweën 'lcisïng . chambers provides 
c0 econ0mical compresgion of gases, and between 
opening Ctimb:ers Utïlizes expansion of pressure 
gases. 
Antifriction beäings 'insure the starting of 
this meghanism as-a I1uid motor operated with 
2 suïtäle pa.ts ëitlzer by'ar,:gas or liquid pres- 
sures as well as a pùmp. AS a pump 'the suc- 
ceSsive cldsing chgmbers, egch in turn coming 
irito .registration with thë discharge port, forci- 
bly eject theïr contents out thru that port, the 
30 chmbers overlapping- eïCh other in discharging, 
so that a steady strem is ejected. The dis- 
charge l0rt pressurë 'r:egi0nïs smaller than the 
1ow ïiritale prèssure region so that leakage over 
the ènds of rotons is corresPondingly less. 
35 In out sald aPplicgtibn 659,098 in a .pump 
the Suti0i a:rea isthe SmaIler 0ne, and is along 
0pering chámbes, so that with a liquid seal 
the leakage of gas over the ends of the rotors 
tendïng t0 reduce suCtion :is less. The differ- 
40 Cit clriin'g gystems rë suitel to different spe- 
Cific "objectiVes almC gt ir the two cases. 
In th]s 'case the num'bers Of teeth of the two 
rot0rs differ y the saine two or more teeth, 
but it is the outer 'Zotor tht is connected to 
5 the Irive short, not the inner rotor, so that 
ïn a gs pUlnp "the 'Ibing Ifambers are sealed 
frbm ëach 0thër ir/se-aï2 of the openir/g cham- 
bërs. The OEschare po% of a compressor as 
compared'to a lilUïd:p0t, ïs sh02tened so that 
50 a closirg r6t0r Ch-àiîïbeT olfiD2egsing gas 0es 
not connec't With if .prefer.ably until ifs cham- 
ber pressure has risen to tha't in the discharge 
pot. 'The ïntake port, irstead of 'being short 
and .segil-off frorrï the-.cregcent-space s con- 
5 liectél to the .res'ceit range thru .bak ïash, 



allowing more rime for the chambers to fill with 
gas, thus increasing compressor eoeciency. 
Likewise in a gas expansion motor, the outer 
rotor drive keeps the opening chambers sealed 
from each other so that the full expansive 
power in the gas may be utflized in exerting 
power instead of blowing thru open tooth con- 
tacts and failing to effect any great amount 
of power. A pinion drive in a gas motor would 
have the closing chambers (hOt the opening 
ones) sealed from each other and unable to 
utilize expansive energy. 
An attempt to use our present. .ïmchanism 
with a short intake high pressure port as a 
liquid motor would fail, since liquid has no ex- 
pansive energy. 
ïhe numbers of teeth preferab!y vary by two 
for reasons below. 
As a motor, with ports to suit, pressure en- 
ters thru the port which in a pump is the dis- 
charge port, expands the opening rotor cham- 
bers, .causing them to rotate in the reverse di- 
rection from a pump, and leaves thru the pump 
intake port. Ports for these various operations 
are shown and described. Liquid motors are 
made reversible and also may act as reversible 
pumps. To avoid complexity out invention will 
be described first as a pump. 
As related in our earlier application Serial 
No. 659,098, it was once believed that the dif- 
ference of one tooth was an inherent factor in 
rotors having continuous contact until upon in- 
spection of Fig. IX, of reissue patent to M. F. 
Hill No. 21,316, it became apparent that with- 
out changing the basic ratio of the teeth dif- 
fering by one, an extra tooth could be inserted 
in each pinion tooth sp,ce, and an extra tooth 
space cut in each outer tooth fo match. This 
doubled the numbers of teeth without changing 
the basic ratio, and with little loss of displace 
ment. It provided smaller pressure angles, 
smoother driving, and greater durability. 
It was also apparent that instead of one tooth 
being inserted in a pinion space, it was possible 
without changing the basic tooth ratio, to put 
two or more teeth in each pinion tooth space 
with a corresponding number of tooth spaces 
in each outer rotor tooth. The difference of 
three or more teeth however, radically reduced 
displacement and is mainly useful for high suc- 
tion or minute displacement. 
Ater doubling the numbers of teeth, the to- 
tal numbers of teeth may oe reduced with a 
correspondingly reduced diameter. By enlarg- 
ing them to the original diameter again, the 
eccentrcity between the centers of the two ro- 
tors is increased, which increases their displace- 
ment. 
A difference of more than two teeth however 
greatly reduces displacement, so that the rela- 
tion of the numbers of teeth to displacement 
is hot one of degree but is critical, the differ- 
ence of two teeth affording a greater displace- 
ment than any other ratio for a given diameter. 
After these features became well understood, 
it appeared that one tooth of one rotor engaged 
only alternate teeth of the other rotor, and the 
next tooth of the one rotor engaged only the 
remaining teeth of the other rotor. Genera- 
tion of pinion teeth required two separate op- 
erations. A cutting tool representing a tooth 
of the outer rotor cuts alternate teeth of the 
other rotor. After that operation is completed, 
the blank for the other rotor is indexed one 
ha]f tooth division and the generation repeated 
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to cut the remaining teeth. This indexing 
needs to be exact, perhaps to a ten-thousandth 
of an inch, to avoid noise and leakage between 
the teeth. It takes longer to manufacture fo- 
5 tors so we discovered next that the addition 
of one more tooth to each rotor enabled the 
teeth to be completely generated at a single set- 
ring. The geometry proved that such an in- 
crease was possible. The resulting ratio com- 
10 prises numbers of teeth based on a ratio of 
fractional numbers instead of integers differing 
by one, each number having no (whole) com- 
mon divisor. 
For example, doubling a 5 to 4 ratio makes 
15 it 10 to 8, and adding 1 to each makes it 11 to 9. 
/hile this ratio seems radically different from 
the 5 to 4 ratio, it is hot so much different be- 
cause it is really 5½ to 4½. It restores the ra- 
tio difference of unity between the numbers of 
20 teeth as required in our earlier rotor patents, 
only this rime with fractions instead of whole 
numbers. ïhe ratio 7 to 5 for example, in 
reality, is a basic fractional ratio of 3/2 to 2, 
thus differing by one, while the actual teeth 
25 have a difference of two; and 9 to 7 teeth have 
a basic ratio of 4½ to 3/2 and so on. These 
manipulations increase displacement. 
ïhe great advantage of this odd series of 
ratios is that a tool representing a tooth of 
30 one rotor will, in a single setting of a blank 
for the other rotor in a generating machine, 
generate all the teeth and tooth spaces of the 
other, thus also providing the hunting relation 
between all the teeth. This hunting relation 
35 differs from that of rotors having a difference 
of one tooth in which generation proceeds 
seriatim. In a to0th ratio based on fractional 
ratio with a difference of two teeth each tooth 
of one rotor enters alternate spaces of the other 
.0 rotor jumping over the intervening space in do- 
ing so. As this operation proceeds, the tool 
representing a tooth during one rotation en- 
ters only half of the tooth spaces of the other 
rotor and enters the remaining tooth spaces 
45 during the next revolution. 
For example, a tool representing a tooth of an 
outer rotor having eleven teeth engages a tooth 
space of a pinion having nine teeth, which we 
may call the first tooth space, travels in an 
anti-clockwise direction along the contour of 
50 the pinion tooth, say, fo the left until if reaches 
ifs top, forming that side of this pinion space 
and tooth and then skips over the next, or 
second, tooth space until if reaches the top of 
the third tooth. Then it travels down along 
55 the far side of that tooth into the third tooth 
space, of the pinion. It then repeats the op- 
eration over the next tooth fo the left, skips the 
fourth tooth space and enters the following or 
fifth tooth space, after which it proceeds in 
60 the same way, skipping alternate tooth spaces, 
entering the seventh, and then the ninth--all 
during one rotation. Then du.ring the second 
rotation it leaves the ninth space, enters the 
second, then the fourth, then the sixth and the 
65 eighth, back fo the starting point in the flrst 
tooth space. This requires two revolutions fo 
complete the generation of all the teeth and 
tooth spaces of a nine tooth pinion. If is be- 
70 lieved that this method is entirely novel in con- 
tinuous tooth contact generation. The "hunt- 
ing" relation is important in the operation of 
pump and motor mechanisms and particularly 
in compressors where perfection of tooth con- 
75 tacts determines volumetric efliciency. Any es- 



cape crevice between tëth c0mprëSing gas .hs 
a disaStrUs result upon volumetiic eflïciëncy. 
Thë hunting relation tënds to keep ttie wear 
upon all the tëeth ëïual. This 'Cti0n of each 
tooth of one ot0r entering . .. all the ooth 
spaces of the other rotor exïoresses the idea of 
the "hunting" relation. 
Another advantage was discovëred,fter these 
factors were established, namely thät the curves 
of the .contours c0uld be adjusted to-different 
angles and different radii of curvatures 4o im- 
provethe pressure angles and rolling al}ire re- 
lations between the teeth in the 'driving region 
at full mesh:. Smaller pfessu}e angles result 
rom tooth contour of relatively largër radii 
than possible in the aföresaid patents. 
This doubled toth system does not need the 
ame extïeme precision of manufactïire as that 
involved in the manuïacture of Ger0tors hav- 
ing a difference in numbers Of teeth0f one in 
which all the tooth contacts are tight within 
a tenth oÏ a thousandth of an inch and have 
tobe carefully and patiently "run in" to slide 
over each otheï without heat bêfore they may 
be deliveïed fo a purchaser. Unless handled 
with extïeme care and pätience, running in of 
such air compressor rotors would result in heat, 
expansion, binding and torn surfaces. 
Out new rotors with the dpen mesh crescent 
sç.ace and back !ash between the teeth, with 
the usua! manufactuïlng tolërancës, -are loose 
when azsembled and are capable of running 
themselvez in without attention to "peform the 
very best. of service. Furthermore they can be 
operated in service at the very Start, and im- 
prove their eflïciency as they lap themselves 
into e2,ch other's contours. The shlfting of a 
side of the teeth of a rotOr towards the other 
side a ïew thousandths oï an in.eh reduces the 
anguaï length of a tOoth and Drovides the 
back lash that eliminates contacts bëtween Open- 
ing chambers, and makes possible running new 
rotors (in either direction) without creating 
troublesome heat. Convex tops of narrow teeth 
having sharper curves wear more rapidly in 
running-in than rotor tooth curves so that the 
latter predominate in "wearability." These 
factors set forth in out earlier application Ser. 
BIo. 659,098 apply likewise to this invention, 
similaï rotors being usa51e. 
To ellminate rubbing friction aiid its heat 
is of prime value in Compressors. Compressors 
require a liquid seal over the end of the 'fo-. 
tors. After years of experimentit was discov- 
ered th,at a mixture having the characteris- 
tics of twenty parts or more of Water with one 
part of a non-foaming cutting oil spray into 
the intake of a compressor effectively seals 
leakage crevices. A ïïne spray at 70 ° ï,. with 
its high speciflc heat keeps the tëmpërature 
oÏ 100 lbs. compression clown to 110 ° F. instead 
of a normal adiabatic temperature of 45 ° F. 
A 50 cu. ft. Gerotor compïessor tïaving a dif- 
ference of one tooth (8 to 7 teeth) ransteadlly 
daytimes for some 3 monthsat over 84% mechan- 
ical efficiency, in perfect condition. It was 
shipped some 60 miies by ïïeight, and when set 
up again developed so much heat internally as 
'to vaporize the liquid spray and éxclude the 
intake of air. The ecCentricity (maintained by 
.large dowels) had been. alteed perhaps, a few 
'ten-thousandths Of an inch pertiaps. The teeth at 
open mesh rubbed heavily upon each other 
'their heat creating steam vapor that :ëXdluded 
'air and .cgusëd binding. :.If :was aPent that 

.:improvemënt was neëded. ',lOoidS having a 
cëSent spaCe ai :Open meh, and 'back .'lash 
solved the problem. ey could gêt-hbt ïvhile 
running in Withoüt :neeng atenti0n. 
5 At ïull mesh :the driving anglës 'ae adjusted 
for nearer a pure rolling aCtiOn fo eiiminate 
heat there. If has tkèn yers to :pêfedt ts 
double tooth systëm Just as it 'to0k yëars fo 
develop the original Gëretr system. When 
l0 'r-in, a c0mprCsor develCs no-substantial 
mechanical friction and heat between its teeh, 
which contributes to gh volumetric as well 
as mechanical efficiency. 
There is no llmit thretically to the highest 
15 numbers of tth possible With out ratiosh'aving 
a difference of two or more eth. The least 
number of teèth is dermined by te dring 
'relation 'that pro$ides Steady ratio. speeds with 
continuous fluid tight engagements for rotor 
0 chambers beeen the teëth-performing fld 
pressure fctions. A ratio of 7 . 5 teeth-pro- 
vices an excellent drivg relation 'between the 
teeth. A ratio of 5 fo 3 is possib!e, due to the 
long driving contact across full mesh of a rolling 
5 character though itis assisted in part of the 
driving range by a slight slide between the teeth. 
A nber of modifications lie wlthin the scope 
of our invention. 
Continuous engagement is possible with one 
30 'tooth contact, hot two or three. But irregular 
Curves bave unsteady contact relations. Only 
correct con.urs based on the: Circroidal uddition 
make possible sady speeds. They are accord- 
ing to the tooth ratio. 
35 Efforts bave bn marie t0 approximate the 
contours of o rotors with circular arcs, parts 
of cycloids, or elpses or oral curves or a com- 
bination of one 0r more of them. They are 
less uess patterned to foow o correct con- 
40 tours, hence, being made possible thru the light 
of out invention, they ewithin its scope. 
In the drangs: 
Fig. I is a right-hand vlew of Fig. II with a 
casing member removed to show :rotors hang 
45 7 to 5 teeth, with ports in solid and dotd lines 
stable for a fluid pp or compressor. 
Flg. II is a section of Fig. I on le H--Il show- 
ing pump and mor casings containing rors, 
a dring plate, and an antifriction thrust boat- 
50 ing carrying the outer ror to withstand fluid 
thst pressures of either.gas or liquid in the 
ror chambers. 
g. III shows a sector of the .outer ror and 
i driving plate in side elevation. 
5 Fig. IV shows a type of tooth cve for the 
outer rotor. 
Fig. V is a plan view of Figs. I and II. 
Fig. VI illtras construction details possible 
foran outer rotor. 
0 Fig. V shows successive position of an outer 
rotor tooth curve roHing on a pinion oth curve. 
Fig. VHI illustrates an oil system for a com- 
pressor or gas mor to seal crevices and absorb 
the heat of compression inclung a valve for the 
 compressor or a pump for the mor to supply 
water containg latent heat, to expanding pres- 
sée gases. 
Fig. IIa shows a Corail. 
Flg. IX shows another form ofrotors having 
7 11 and 9 teeth, and indicates bearing means with 
parts broken away. 
Fig. X illtrates a motor constction for a 
hydraulic ive or-g%s expansion drive (depend- 
. ing on ports) both rdt0s:Nëig :moUnted en:anti- 
7 ' friction 5ean.gs. 
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Fig. XI is a section of Fig. X on line XI--XI. 
Fig. XII shows a hardening fixture for truing 
outer rotors. 
Fig. XIII shows 11 fo 9 rotors and a compati- 
son with our earlier types of rotor teeth. 
Fig. XIV shows a left-hand elevation of Fig. 
XI with parts broken away. 
Figs. XV and XVI illnstrate the novel Hill 
theorem of geometry by which rotors are de- 
signed fo maintain continuous tooth contacts af 
steady speeds. 
ligs. I and II show a casing  bolted ai a fo 
an end bell 2 of a motor fo drive if. A motor 
shaft 3 (see also lig. VIII) enters abore 4 in 
a rotor back plate 5( ligs. II and III) where 
is keyed ai @a. The shaft is mounted on anti- 
friction bearings 7 ai one end (li. VIII) and 
8ai the other end (li. II) between suitable 
hardened steel collars and rings. The balls 
are held in position longitudinally between thrust 
collars 5 and 5b, and radially between bearin 
rins 5.c and 5d. The back plate 5 carries the 
teeth 6 of the outer rotor housed in a bore 9 of 
the casing  with just enouh looseness hot fo 
conflict with the ball bearing 9. These rotors 
bave seven and rive teeth. The teeth of the 
outer rotor may be manufactured by insertin 
hardened teeth @ in the plate 5 by means of 
tongues   in slots ! 2. The tongues may be coat- 
ed with solder of type metal, lead, silver or other 
fusible metal which upon heating joins the parts 
solidly together. The teeth are pressed into close 
union with the plate 5 while cooling. Thus the 
teeth become practically integral with the plate 
5. The teeth themselves may be made by pro- 
duction methods separately. Other methods of 
making the outer rotor are well known, tho not 
with out continuous contact teeth, which are 
described later. 
Fig. IV shows a curve design for the outer 
rotor teeth. If has side tooth curves 3 and 
being arcs of circles centered at 13a and 4a. 
They are identical in reverse but do hot have fo 
be. They are connected together by a small nose 
curve 5 because sharp points on the generating 
master tools cannot be maintained in production 
manufacture. The curve 5 may be continuous 
with the side curves $ and 4 if ifs center is ai 
the junction of the radii  and 7, tho what- 
ever the curve, the tool that generates the pinion 
curve has a corresponding curve on if. If shapes 
portions of the pinion teeth. The curves , 
and 5 constitute the outer rotor teeth and the 
tool that generates the teeth and tooth spaces of 
the pinion suitable for pumps and hydraulic mo- 
tors. The space ai 18, Fig. I is objectionable for 
compressors and gas motors as if is what is 
termed "clearance" that results in fosses of volu- 
metric efliciency. If is quite acceptable for liquid 
mechanisms. 
Outer rotors of the preferred type are first 
ruade with teeth of the desired number and size 
in accordance with the description in connection 
with lVigs. XV and XVI, described later. 
A tool oï the right form (Figs. I and IV, rep- 
resenting a tooth of a rotor) will generate a 
mating rotor capable of maintaining continu- 
ous contacts af steady speeds inverse fo the 
numbers oî the tooth ratio. Ordinarily both 
rotors rotate in the saine direction, the pinion 
faster than the annular rotor due to ifs lesser 
number of teeth. To assist better comprehen- 
sion oï generation, one rotor is considered as 
being fixed and the other rolling around on if or 
in if. We may at present consider the outer 

rotor as being fixedand the pinion revolving 
around in if. The tool has the form and size 
of a tooth of the outer rotor, lig. IV for example. 
A pinion rotor blank is set up on a first shaft. 
5 This shaft is adapted to turn-in an eccentric 
bore of a second larger shaft, all mounted upon 
a suitable base, as set forth in the Bilgram-Hill 
Patent 1,798,059. The bore is off-center in the 
larger shaft a distance equal to the eccentricity 
10 of the rotors (or the ratio or pitch circles) and 
the larger shaft also turns in a bearing. The two 
shafts are geared fo each other af the tooth ratio 
fo revolve the inner shaft and ifs blank af the 
saine relative sloeeds that the completed pinion 
15 revolves if rolled around in the outer rotor. 
The shafts are caused to rotate, and the tool 
representing the tooth of the non-rotating outer 
rotor, is caused to reciprocate up and clown to 
eut the edge of the pinion blank as a vertical 
20 shaper, cutting parallel to its axis. The blank, 
revolving upon the two axes of the two shafts, 
advances into the path of the cutter and away 
again, generating a tooth space. If cuts a com- 
plete space, including the side oï one tooth, then 
5 the tooth space and then the near side oï the 
next tooth. As the two shafts continue fo 
rotate, the next rime the blank advances against 
the cutter, another complete space is eut, but 
not the next space adjoining the first space. 
3O Aïter cutting the first space, the cutter passes 
by the second space position and cuts the third 
space, then in succession the fiïth, the second 
and the fourth spaces, thus completing the pinion 
with rive spaces and teeth. 
35 If it ii a seien-tooth pinion, the order of eutting 
is 1, 3, 5, 7, 2, 4 and 6. If it is a nine-tooth pinion 
iris 1,3,5, V, 9,2,4,6 and 8. Inthe case the 
outer rotor is fo have tooth spaces like those in 
tigs. X and :k_dI the bottoms of the tooth spaces 
40 of the outer rotor loosely fit the pinion teeth. 
Lïquid in outer tooth spaces is splashed around 
preventing compressed air or gas flore leaking 
over fo a suction port, expanding there and 
terïering with intake of gas. 
45 In practice the convex contours oï the outer 
rotor tooth form only are used in generating the 
pinion. The contour of the outer rotor tooth 
spaces, the concave portion, iï wanted, may be 
generated by using a cutter having the form of 
50 the convex tops oï the pinion teeth. The bottoms 
of these space curves o£ the outer rotor may be 
deepened to avoid contact with the pinion 
 teeth to prevent noise. 
As a summary, any tooth form selected for one 
55 rotor may within the limits of the circroidal 
addition, be used fo generate the entire contour 
of the other rotor, and in some cases, a tooth 
form of the other rotor may be used fo generate 
the entire contour of the first rotor. 
6O Rotors are best designed on a drafting board 
on a large scale fo determine the sizes and 
strengths wanted. The geometry in lVigs. XV 
and XVI guide tooth relations. Trial genera- 
tion may be resorted fo, trying different curves 
65 and inclinations until the contours meet the re- 
quirement as to the circroidal addition. 
One side of all the teeth of one rotor engages 
only one side of all the teeth of the other rotor, 
and the other sides o£ the teeth oï both rotors 
7O need hOt maintain continuous contacts or en- 
gagements unless ïor reversibility of rotors them- 
selves or for tightness in rotation in opposite di- 
rections. 
Vv'hatever the driving rotor contour may be 
7 if must obey the principle o£ the circroidal addi- 
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ion as dsçribed ip eise Pt 21,316; that 
is, if must be ai least far enough rom he central 
x.es te be ble tQ genrte or  out]e curves on 
the Qther rotoç ithot undecuttig thoe por- 
ti0 ecesy îor the contact ervice intended. 
 drjyig cor do ot ave tobe circr 
arc sinqe, they ay be ny regular or irregular 
curve or curées subject to the COnditions recited: 
el!iDticaX, ova!, hyperbolic, paraboc, or other 
geometrical crves of various angular inclina- 
tions; or mongre! curves, or CQmbnatio with 
che or more of the foregoing crves, wlthin the 
limits stated. 
H during outling or generating, they under- 
out curées needed for. the service intende, they 
may b shiîted outward unti! undercuting 
apDears. It had always been suDDosed by those 
skilled in the art that the curves of gear3 had 
fo bave their centers on ratio circles, but hat is unworkable. When, instead, the curves them- 
selves (hOt their centers) are distributed along 
ratio circles, particully the driving curves at 
full mesh, they avoid angulr-slip and friction. 
Rotors e mounted in a pumD and "rmî-in," 
that is, run che against the other as in final 
use, and their contours worn fo a running fit, 
after which tops oï teeth slide gently into engage- 
ments. !î inaccuracies oî tolerances oï manu- 
facture bear heavily, powdered sulphur as an 
abrasive wears away interîerlng surîaces excegt 
at îull mesh where the rolling driving action 
occurs that makes them more durable. 
abrasives wod "charge" the rotor surïaces 
nd pmanently grind against each other, but 
sulDhur- soon loses its abrdsive action. 
igs. I, IX, and X illustrate rotors having back- 
lash by wch only the teeth of openg or closing 
chambers can bave continuous seang contacts 
çor pressure holding engagements) during ro- 
tatim, but hot both. A broken line ( along a 
pion tooth in ig. X indicates a normal gener- 
ated tooth eurve. e cuçve 2 in solid lines 
may on each tooth be the saine curve swung 
aroud its rotor as îar enough to clear the teeth 
oî the oher rotor during rotation, to p,ovide 
back Iash. In reversible mechanisms such as a 
rotoç maintains continuous contacts in either di- 
rection, there always being back lah so that 
the other side of the tooth is out of contact with 
the other ,otor. Except for reversibility the 
shape of the curve 2, as long as if keeps out 
of contact with the other rotor, is important only 
as it affects splacement volume. Arrows 
OEcate driving rotors. A compressor ruing 
clocwise with teeth in contact, o one side of 
a conter line thru the rotor axes is reversed 
when it runs anticleckwise with teeth in contact 
on the other side of the conter line. If running 
anticlockwise with tooth contacts tight on the 
sme side, it becomes an expansion motor, a 
case of functional reversibility. eversg 
liquid pump accordingly may stiH leave if a 
pump o a hydraulic motor. 
e ratios of o earller ro£ors maiy had 
derence o one beteen itegers. Ts meant 
d.ifference of one tooth. In this present case 
already notd, the ratios havea difference of two 
teeth thus apparently violating the re laid down 
in those cases that a ratio o£ a difference of one 
tooth as essential for continueus contacts or 
engagements between the teeth. Instead o the 
difference of one being between the nbers of 
teeth  this case, it is between the nbers of 
the bic ratip. That is in a 7 to 5 ratio there 
is a difference of two teeth. But the basic ratio is 

3 ½ to 2 ½, restoring the difference of one. It is 
the basic ratio that must have the difference of 
one, not the numbers of teeth. The numbers of 
teeth are the product oî the basic fractional ratio 
5 multiplied by the denominatoï of the fraction. 
lVultip]ying the 3½ fo 2 ½ ratio by the denomi- 
nator 2, gives 7 to 5  teeth. Similarly in a ratio 
of 4½ fo 3½, the numbers of teeth ,are 13 fo 10. 
When in ]iquid mechanisms the teeth @ bave 
10 circular arcs as af 22 and 23a, and tooth spaces as 
at 8, unless primed, reduce suction. Concave 
generated curves lke those in the curer rotor in 
ligs. : and. XriI are thon desirable. 
As long. as extra spaces fill with liquid, suction 
15 and volumetric efiïciency are hot impaired. On 
the other hand, af high speeds tooth spaces | 
facilitate centriîugal dischare of liquid 
proaching full mesh where the chambers be- 
tween the teeth are closing. For gas (including 
2O air of course) the tooth space in Figs. X and 
XIri may be shaped fo fit the tops of pinion teeth 
af full mesh, tho rlieved fo av0id actual con- 
tact with the Pinion teeth fo avoid noise. The 
construct.ion in Fig.. I: permits smaller diameters 
25 (sec the bore 9 in Fig. I and II) than that in 
Fig. X for example. 
As the size oZ the outer rotin, teeth @ in Fig. I 
is also the size of a toaster cutting tootîor ma- 
chining the pinion contours, the lrgêr i is the 
,0 faster if will generate the pinion. Also. such 
teeth predominate .in wearing Us against a pinion 
of equal hardness, the teeth of which are smaller. 
Fig. IX bas outer rotor teeth predominating by 
being of barder raaterial than the pinion teeth. 
,5 As the teeth rotate they part company along a 
crescent 4 in Fig. I and along other crescents in 
other figures referred fo tarer. 
Pressure angles .and ro!ling action t full mesh 
where the actualdrive occurs (aîter running n) 
40 are conducive fo high speed. They. are ind:icated 
in Fig. XVI between an curer rof0r tooth curve 
1Vi- and a pinion tooth curve T. 
The pinion 2. is journalled on a stub shaft 23 
fixed in the casing , F/g. It. The distance be- 
tween, the axisA (Fig. I) of the pinion and the 
45 axis B of the curer rotor, the so-called "eccen- 
tricit" is greater than that in ,out earlier 7 to 6 
rotors cî the s-ne outside diameter having a 
difference of che tooth. Except for the crescent 
5O 2 at open mesh the displacement varies as the 
square of the eccentricity, i. e. as 25 te 9. While 
the crescent modifies this relation, rotor eccen- 
tricity is a baic factor' in rotor displacement. 
Without an antifrictien bearing, a plain bearing 
55 tight enough to keep the rotor, teeth in .contact 
might heat and seize. The pinion 2 bas equal_ 
pressures upon ifs sides so that pressure or wear 
on its ends is nof noticeabte The balls $ keep 
the rotors running freely in the casing and eep 
the back plate  (Fig. ri) from touchjng the 
6O wall 
The driving plate  is cmtered in i.ts casing, by 
the halls running between race rings 6c .and 6d 
ang between the collars a and 5.h. The balls 
65 fol! in a diagral dfl:ection. 
In a hydraulic or gas operated m0t0r, Fi.gs. X 
and Xi,. antifricti0n bearings 2 are needed fo 
keep the back plate  from clutching the wall 
7C and pïeventing rotation. By centering the 
7o curer rotor to run free f contact in the sur- 
rounding wali oî the casing 9, a clutching action 
there, thÇt would prevent rotatïon, is avoidëd. 
Without sQme such means a Gerotor motor ap- 
peared t0 be ineffective. 
75 A seal ] prevents leakage. 
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Pipe connections 28 and 29 (Fig. V) cormect 
with ports. In Fig. I the pipe cormection 29 
connects with a dischaxge port when as a pump 
the rotors run clockwise. In the saine way the 
pipe connection 28 connects with the intake port 
in Fig. I. Ports in a sidewall in Fig. I, being on 
the other side of section line II--]-, are not shown 
in solid lines. Their positions relative to the 
rotors are indicated in this figure in dotted lines. 
Ports in the wail surrounding the rotors are 
also indicated in dotted lines t 29, 3{} and 3 in 
part; and in Fig. II in soiid lines at 3{}. Outer 
wali ports 29« and 3, being optional, are indi- 
cated in Fig. I in dotted lines. Ail ports are 
referred fo iater. 
Figs. IX,X and XI show both pinion and outer 
rotor mounted on antifriction bearings, while the 
outer rotor in Figs. I and II is mounted, fo resist 
thrusts of fiuid pressure in rotor chambers, both 
endwise and radial. Fig. IX shows rotors hav- 
ing the tooth ratio of 11 to 9. A number of fac- 
tors may be observed. The sPace between the 
rotors along the crescent space 97« in effect is 
a continuation of the port 8 extending from 
97b fo 97c, where the outline foliows the rotor 
tooth contours in the position shown. Owing fo 
back lash there is no actual contact on the right 
side of Fig. IX between the teeth along the con- 
tact pathway from 97g up to full mesh. The same 
is true in Fig. I, the pathway of actual tooth con- 
tacts between closing teeth being indicated from 
4 a fo 43 where the pathway ends. 
As compaxed fo the liquid port ,abutment area 
64 in Fig. I, the abutment axea in Fig. IX is 
lengthened, extending from the said end 97a 
(along the rotor tooth contours in the position 
shown) fo the lower edge of the dischaxge port 
97 shown in dotted (not broken) lines which co- 
incide (except for overlap) with rotor contours 
in the rotor position shown. 
The chamber 98, containing its off pool, closes 
until ifs outermost middle point 97 reaches the 
center line CL af full mesh, spashing oil into the 
crevices between the ends of the rotors and the 
side waJls between which the rotors run, seaJing 
the crevices against escape of pressure gases. 
This off seal performs the functions of piston 
rings in cylinders with no loss due fo weax or 
mechanical pressure. 
'The contact ]f18 is about fo open, after which 
the contact 99a at full mesh sepaxates the ports 
97 .and 8 . The contact at 97e, just closed, seals 
the chamber 97/from the crescent space and in- 
take port, and as the rotors turn, compress air 
in the chamber until if reaches the dischaxge port 
97. Successive chambers 97/, 97, and 99 are 
sealed from.each other, so that rising pressure 
cann0t escape backward into chambers contain- 
ing lower pressures, thus constituting staged com- 
pression. 
The contacts between the teeth occur along a 
pathway from a point 97e fo 88. The pathway 
of contact between opening rotor chambers is 
from full mesh to 97g. When the rotors bave 
back lash there ,are no actual contacts along 
this pathway. 
In Fig. I the pathway of actual contacts is in- 
dicated at 4«, extending from 42 to 43. The 
pathway of contacts of opening charnbers is the 
same as 4« reversed. The terre «pathway of 
contact" indicates the path along which tooth 
contours provide drive and pressure holding en- 
gagements when "worn in" by running, tho if 
also includes the sirnilar path where actual 

opening contacts are absent due fo back lash in 
a pump or motor. 
The teeth of these rotaxy devices differ ïrom 
those of prior patents. In Patent No. ,091,317 
5 to M. F. Hfli, teeth of the geaxs were propor- 
tionaily shorter and dispiacement surprisingly 
less compaxed to the teeth of out present rotor 
mechanism, so that for a given displacement 
rotors would bave fo be iaxger and would cost 
10 more to make. Fig. XIII iilustrates the dif- 
ference with 1 fo 9 toothed rotors, in which the 
principie is the saine. 
Moreover the teeth of the patent had even 
numbers, 4 to 6, 6 fo 8, etc. This ment 
15 multiple settings and machining operations. 
For a difïerence of two teeth, two settinis and 
two machining operations were essential. The 
indexing of the pinion blank had fo be done with 
exact precision fo avoid rattling of teeth, and 
2O was difiïcult and expensive. Merely machining 
the teeth cost neaxly double. 
Adding one tooth to both rotors eliminated 
this difiïculty. The entire contour is now gen- 
erated af one setting. The taller teeth with 
25 pointed crowns in Fig. XIII and incresed dis- 
placement also resulted. 
The pinion tooth curve 32 in broken lines fl- 
lustrates the relative form of teeth in the patent. 
If has a generative relation with the space curve 
3O 33 shown in broken lines. Such teeth left a long 
crescent range af open mesh between the teeth, 
between the arcs 34 and 36 of circles, one passing 
thru the tips of the pinion teeth and the other 
thru the tips of the outer rotor teeth, intersect- 
35 ing af about 3 and 37. Said crescent range is 
the axea in which there is no contact between the 
teeth of one rotor relative fo the teeth of the 
other rotor. Increasing the radial height of 
the teeth af 3 and 39 shortened the crescent 
40 .range fo 48-4], the points where the correspond- 
mg two circles thru the tips of teeth intersect. 
Rotor chambers between the teeth cnnot be 
sealed of course in the open mesh region along 
the crescent. They can only be sealed from each 
5 other away from the crescent. The rapid change 
in capacity of a rotor chamber passing along 
this region necessitates a crescent as short as 
possible. With the pinion drive in the eaxlier 
case, 659,098, the sealing region in a pump is 
50 where the chambers open. In this case if is 
where the chambers axe closing. Since the teeth 
while travelling clockwise re-engage fo the left of 
the crescent, the path of contact (see 4 a in Fig. 
I) between the teeth begins af this point 4, and 
55 continues thru tooth contacts fo full mesh. 
The axea of any rotor chamber between the 
teeth, as if is sealed off af 38 or 49 determines 
ifs maximum displacement. In Fig. XIII the 
chamber, sealed when ifs reax tooth contact 
60 reached the point 48, is not far from twice the 
size of a next chamber beyond. The differences 
between chambers 49a, 48b and 48c illustrate 
the rapid reduction in axea of successive cham- 
bers. If the mass of a rotor mechanism has 
65 to be increased fo compensate small displacement 
axea, ifs cost of manufacture soaxs. The im- 
portance of a shorter crescent can therefore be 
realized. 
B$ means of the geometry devised bY the in- 
70 ventors, set forth in Figs. XV and XVI, called 
by some the I-Iill theorem, the new curves were 
developed. The crowns 39 of the pinion teeth 
mate with the tooth spaces 38 of the outer rotor. 
The greater tooth height also contributes fo 
 displacement axea which vaxies, inter alia, as 



the square of the ra-dial tooth dimension.. In 
l'igs. I i and:: XIIç  used as a pump the r.otor 
chambers as, hey close  are sealed from .each 
othe by. contacts betwe.en the  %eeth, similar 
those in Fi. I alon the pathway 
ai , OE and: ., The contacts trvel along a 
Pçh and aroand a. loop si]ar fo 5], Fi. I. 
Useds a motor the open, chambers are sealed= 
If sc, tnal contacts fail  due te inaccuracies of 
tolanes of manufacture; they may neveheless 
be so close .- to mntain fiuid, pressure: holding 
engagements mde Rossible onlF  by out ysem 
of tooth contours and  generation, and 
for many fluid  pressures. 
n  Fig: II back. lash is omitted, the teeth 
mking  pressure holdinoE engagements scling 
rotor chambers during both opening  and 
until, they weaz enough to create back ]ash, 
a pup driing the outer rotor mintsins the 
the contaets be.tween the-teeth of closing cham- 
bers, in spite of wer. 
In motors the-, openg chambcrs, are 
tight by the: wor done; the outer rotsr driving 
the wok shaft, 
In pumps, what is caHed «over]ap" isnecessary 
for speed o ottion, If in. passing btween the 
crescent, space 4 fo- a discharge port a closing 
chamber is not coected to the discharge port 
soon enough, ifs rotation is blocked-or retarded, 
(depending on the degree of end looseness of the 
roters). So. a chamber does not disconnect from 
the suction orZ until its bas coected th 
the discharge port, just enough fo aoid, bloeking 
or retarding rotation. This relation, sho in 
g« t is.termed the"om'lap" and is cemmon nd 
necessary fo pçeision continuous contact ]iqd 
Pps. For slo speeds it is small and for 
higher speeds it is larger. 
hen the baH bearing wears enou2h for the 
back plate fo r.ub against the waH 2S it takes. 
more posez fo oRera. A shim ç is thon in- 
serted beteen the thrust, collar 5 and the back 
plate to free the rot0rs. 
Fig I illustraes, the tra;velHng positions of 
an outer tooth curve like  in Fi. I alon a 
pinion tooth cuzve 2S e conter of the outer 
rotor tooth, curve is shown at S$, and as this 
conter travels a]ong the circroid 82, the t0oth 
cue» as t 84, rollS iu successive positions 
alona-pinion tooth curve as ai 6S, until fltow- 
ing teeth take their places. It doesn't slide 
along as is usual, beteen a gear tooth enterin 
a tooth space at 1 mesh but bas an almost 
ffictionless rolling drive, ideal for hih spee 
operation. 
Assung that a cutting tool takes e place of 
the outer rotor tooth cue, in successive posi: 
tio it cu or machines the teetb and spaces 
in the otor blank having a contour 8 until the 
other rotor is prduced 
The hydrautic motor i.n- Figs. X and  is 
many respects simfiaz in construction to the 
pp in Figs. I and II. It bas pipe connections 
8S and 8 in t coer plate [ for the pors. 
(Fig. YlV>. e balls 7 run simflarly between 
collars endwise d race rin'gs radiatly, as the 
outer rotor drives the leyed shaft 3. Inci- 
dentllF the pinion helçs, the outer rotor alon. 
e fluid pressure in the rotor chambers delivers 
a rque fo both rotors, the outer rotor prevented 
from running wild by e work of the sha.ft, and' 
the pion by. ifs teeth engaging and pressing 
against the teeth of the outer rotor to help. if 
along as the chbers open. 

The seal.74 on the hub 75of the: back drivin_ 
plate 76, of the outm rotor prevents leakage. 
The pinion 77 is journalled on the stub shaft 
77a on a follet or ne.edle bearing 
The shaft ]Tg may be molded, ino a cover 
plate of plastic; or of'pour.ed moral; or otherwise 
app]ied. The ports as ai 77c upon. the inner face 
of the cover 7J may also be formed by molding 
or castin. The key 7.8 fixed in he cas 
prevençs mounin the cover in a wron position. 
The plae 7[ res aainst a shoder 0 (with 
gasket if desired), it should leave barely enough 
room for the rtors-o run freely. The hollow 
nut 8 screwed to he casin ]9/holds the cover 
aainst i sho.der 8.. The ou rotor may be 
a ring 2 witb the teeh fermed upon is inside. 
If is fasened o the back driv plae 6, by 
rives-as,at ]-6g . Such a rotor may be ofhardened 
seel, preferably ce. hardened: It may be ma- 
0' chined while i a softer sate, fo witn a few 
thousandths of. an ch. smaller thon is final 
diame.ter.. 
A plu;84" (Fi: I) is ruade of har.dened:ex 
AA tool steel preferably, with slots 84 accurately 
round nd indexed' to, correc the size and in- 
dexinE of the rE and] teeth. 
If is conneced o= s. pip 81S; havrE, a .shut-off 
valve 8, Vent holes 8 re dlled in ech slot 
fo. conne.c wih the plpe The rin 8-  heaed 
te about 1550ç F., and whil expanded rem he«t 
is slippeoE over he plu. Ai the saine ime the 
vslve 86 is opened t dmit a chfllinE fiuid 
aainst the inside of. he finE, shridnE the in- 
side of I the rin onto the pluE. 
The inside of' he heated rotor rln shrinks 
first and is sized and indexed hile the test of 
the fine is stfll hot  and pliable. e test of the 
fine cools and is s£retched in he process. The 
valve is closed when there is not enouEh heat left 
i the. rin fo aeaI i . The fine thon may be 
lifted I off from he pluE eily. 
The. inside, th: ha:dened, is durable and 
c,orelctly indexed and the p,ion, in rning 
wears to  a perfect fit. 
Thé-saine ideama be: aplied to pumpl as wel! 
s mo:£or mechnis. 
As a compressoç to a/oid pressure ]oss, off is 
caused  to fill crevices between the ends of the 
r0t:ors ad the csin wal]s. Also oil is sprayed 
intQ the cmnpressor ir intake, fo absorb the heat 
of compression, redu, c  the  p.oer reqred to 
compress. Off is removed from the air-by cenrif- 
ual force e air is dischared in%Q a pipe 
88 (FIE'. )' with a vent 89 (FIE. VIIII) tan- 
Eential o the inside of a cylinder 98 where 
creates a whiçlind and throws the particles of 
off mist out bF centri.fual force fo the cylinder 
wall. The off. thon dra-ins down into a pool 9 I 
the, bottera of- the cylinder; The off is coole.  by 
the. cFlder wlL The hei'g'ht of the cylinder 
adusted to the temperature drop desired. The 
air, searad from off is drawn oE from the 
middle of the cylide by a pipe S. The pipe is 
fitted with usut equpment fer serce including 
a blow-off valve S4 I£ air at 70  F. is cemressed 
fo 100 Ibs. i adiabatic fise of temperature as a-1- 
ready relted is some 400 deErees . The oi] is 
sprayed intQ the. incominE air ai the intake 
fo absorb tl%e heat of compression. e valve 
is adjnsed tu keep the top temperature down to 
near 105/ F; with s smlï  fiow as possible. 
Clled off in "h e cylinder 9 lowers disehrEe 
temperatu.re. Off spray Eathers dust and bas to 
be renewed. A. non-feanE cuttl off, one 
toi209Etsof water  ecient. Compoession and " 
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centrifugdl force restore the  mist to a liquid state 
for pools in the rotor chambers. (A variable 
pump at 88 adjusts off for a gas motor spray.) 
In Fig. :[ ports shown in dotted lines at 29, 39 
,nd 3! in the outer wall surrounding the rotors 
for a hydraulic pump are hot used in compressors 
lest the off pools drain off. 
Manuiacturing cost of a given unit is affected 
by its dispacement. The greater the disptace- 
ment, the ]ess the relative cost and se]ling price. 
In Fig. ! rotor chamber displacement areas are 
somewhat evenly balanced inside and outside of 
the ratio circles. In Fig. XV, for example, the 
ratio circle passes t1'u the midd]e part of a pin- 
ion tooth. With the same numbers of teeth and 
the saine eccentricity, the displacement areas 
in Fi.g. IX would be further out radial]y than in 
other figures. As displacement areas vary ac- 
cording te the radial distance, the advantage of 
the form in Fig. IX for disp]acement is evident. 
The centers of curvature of the outer rotor teeth 
are close to its ratio, circ]e due to being sma]], so 
that the displacement area of each rotor is per 
haps 90 % outside oï its ratio circ]e. 
Assuming that the mechanism in Fig. IX is a 
compressor rotating c]ockwise, that a discharge 
port 87 might hold say 105 ]bs. of air pressure, 
and a chamber 88 might bave air compressed to 
seven atmospheres, the port 87 is ]ocated to ïe- 
ceive the compressed air during rotation af the 
saine pressure without drop or ]oss. Oil being 
splashed into the crevices from the next chamber 
88 prevents escape of air into the intake port 
!1!, and there being no clearance space (thanks 
to the oi] poo]), all the air is delivered out thru 
the port 87. Liquid might lock the rotors from 
turning un]ess the port 87 is extended to the 
abutment between the dotted lines 9c and the 
]eft end of port 
Assuming that the rotors in Figs. IX, or X and 
XI, act as gas expansion moters, compressed air 
from the cylinder 8{} and pipe 8 may enter suc- 
cessive rotor chambers thru the port 87, Fig. IX, 
or 8b in Fig. X, causing both rotors to rotate 
anticlockwise. Part of the off sprayed by a pump 
inte the intake 87 trave]s round and round in 
pools in the rotor chambers and at fu]l mesh is 
sp]ashed into crevices to prevent air ]eakage to 
the low pressure port, now an exhaust port. Oil 
entering a motor as mist gives up ifs latent heat 
to gases :as temperature ]owers adding fo their 
power of expansion. 
The pinion !82 in Fig. IX may be mounted on 
a roi]er bearing !3 running on the hardened, 
ground and po]ished steel shaft !, simi]ar fo 
the shaft 73 in Figs. - and . The rollers run 
in a race ring ! 0S mounted in the cast iron pinion 
}. The outside of rotor } is a]so of hardened 
stee], ground and polished. !t may rotate in a 
fol]er bearing !{}7 in the casing !88, and bave a 
connection to a ball bearing shaft as in Figs. 
and X:[, in which .case the bal]s 8 are loose 
radial]y between the rings c and 
In fiuid mechanisms even te best tooth forms 
and ro]]ing contacts are use]ess withoutcorrect 
port relations to match. If requires ports located 
and shaped to provide continuous trave]ing fiuid 
pressure-holding engagements between the teeth, 
and abutments located to cooperate with the con- 
tinuous .contacts to prevent escape of fiuid pres- 
sures thru the teeth or around abutments. 
In Fig. ! as a pump or compressor, escape of 
fiuid pressure from a high pressure port 82 fo a 
]ow pressure port3, both shown in dotted lines, 
is prevented by abutment areas and by continu- 

ous driving contacts and fiuid pressure-holding 
tooth engagements traveling along said .abutment 
areas. One abutment area is at fu]] mesh and 
the other is between the port 2 and the open 
5- crescent space 2. 
As one tooth engagement reaches the end  
of its active range, its path of contact, it is fol- 
lowed by others. The tooth contacts by which 
the outer rotor drives the pinion perform the 
10pressure holding contact function. Elsewhere 
along the path of tooth engagement, the teeth 
lap each other as a valve to a valve seat, until 
they cease mechanical pressure and s]ide over 
each other with no substantia] friction. Between 
15 this region and open mesh, to prevent c]osing 
rotor chambers from driving fiuid back into the 
crescent range 24, an abutment area is needed at 
 between the port 82 and the crescent range 
2. If is so ]ocated and of such a size and 
0. form that at about the time when the teeth en- 
gage ai 2 the rotor chamber ahead disconnects 
from the crescent range 2 and connects with the 
port 82, with enough overlap of port and crescent 
range, depending on speed and fiuid viscosity, to 
5 soften fiuid pressure variations during the transit 
of the rotor chamber over the abutment. !nertia 
and momentum of fast-travelling ]iquids is re]ied 
upon to carry them past the over]ap without 
substantial loss. 
30 The travel]ing contact ai full mesh and the 
abutment  ai the end of the crescent range 24, 
]eave no other ourlet from c]osing chambers ex- 
cept the discharge port 2. 
If on the other hand, in a pump, the rotors are 
35 reversed and trave] anti-c]ockwise, the trave]]ing 
tooth contacts follow along a similar path of con- 
tact on the right side of the figure. An abutment 
area , a duplicate in reverse of -, leaves only 
the port 3 as the ourlet from c]osing chambers. 
40 The teeth a]ong the abutment area  are then 
out of contact due to back lash. Considering 
again clockwise rotation, the fi]ling of chambers 
would be limited by the abutment 5, were the 
teeth not out oï contact due to back ]ash as at . 
45 This opening at  connects fiuid pressure, 
the intake port fiuid pressure, extending fiom $ 
fo 5, to the open crescent area 2. So that for 
ail practical purposes the intake port fiuid pres- 
sure area extends from  to the abutment 5. 
50 These abutment areas,  and , are the areas 
between the ports out]ined by dotted (not broken) 
lines. The abutment 5 registers with a rotor 
chamber as if becomes sealed by the contacts af 
2, except for a jog a]ong the path of contact !a 
55 across the next tooth to the contact . Without 
this jog very little pressure could be developed 
in running c]ockwise. The reversed abutment  
fol!ows a similar out]ine. In clockwise rotation 
in a pump the teeth that form the chambers 
60 draw apart from fu]l mesh to the middle of the 
crescent range 2 and then approach each other 
again until they reach the point 2 where they 
seal the rotor chambers, and then close unti] an 
outer rotor tooth reaches the midd]e of fu]l mesh, 
65 meanwhile discharging fiuid out of the discharge 
port 2. (The terre fiuid, by the way, is intended 
to include liquids and gases that fiow.) 
This hot only affords chambers trave]ing at 
70 high speeds to fi]l more complete]y but the teeth 
approaching each other beyond the middle point 
of the crescent tend to e]iminate cavitation in 
liquids, and fo s]ightly raise pressure with gases. 
If now the pump is reversed again to run anti- 
75 c]ockwise, the port 2 is connected fo the crescent 
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area thru contacts open at 42 and with the saine 
characteristics as in clockwise rotation. 
Whfle the edges of abutments §4 and §§ except 
for overlap and with the exception along the path 
of contact 4« to 4§, register with the contours 
of rotor chambers, the edges may extend beyond 
the contours. In compressors the abutment 54 
extends as far as the shortened high compression 
port 59. The saine is true of the abutment 55 
running anti-clockwise. No overlap here is 
ployed in compressors or gas expansion motors. 
Liquid ports working with pressure gases, are 
most uneconomical at the speeds usually em- 
ployed. Economical gas ports prevent operation 
on incompressible liquids. With a long discharge 
port (50 in Fii. I) high discharge port pressure 
would instantly fill a chamber as it passed an 
abutment 54, only to be driven out of the chamber 
again into the discharge port at a considerable 
waste of power. 
Assuming a hih predetermined pressure in the 
discharge port 5 the closini rotor chamber 
should not connect with it until its compression 
equals the pressure in the discharge port. This 
discharge port is therefore located with respect 
to the rotor chambers at a point where they 
have corresDondingly compressed air. This gives 
the most efficient cycle so far as ports are con- 
cerned. (A small pair of rotors, watch size, have 
compressed air to 400 lbs. pressure, most of the 
heat oï compression being absorbed by the ro- 
tors and side walls.) 
If operated in one direction only as a pump, 
the abutment on the side of opening chambers 
may be omitted as useless. 
Rotating in the opposite direction the port 53 
is shortened the saine as at 50« in reverse, and 
the abutment 55 becomes active instead of 54, 
in which the case the foregoing description vould 
apply. 
Rotors of the prior art differing by two or more 
teeth in which the tooth contours bave no con- 
tinuous contact contours between their ports, re- 
quire a solid insert between the teeth in the cres- 
cent range 24 which with the teeth are supposed 
fo seal one port from the other, but with our 
continuons tooth engagement no insert what- 
ever is needed. In fact that crescent area is 
put fo ,better use in filling chambers and reduc- 
ing cavitation. 
As a motor, both rotors are preferably mount- 
'ed on antifriction bearlngs as at 72, Fig. XI, 77b 
in Fig. Xand 97 in Fig.IX. 
The ports in the side walls, or in the surround- 
ing wall, or ïoth, may be used, in which case 
the motor is reversible. 
The motor may operate under liquid pressure 
with the liquid pump ports (Fig. I) in either di- 
rection, or with but one abutment, 54 or 55, in 
one direction. 
The air compressor ports used in a motor per- 
mit expansion of high pressure gases. Back lash 
and the crescent area of course permit expan- 
sion under heat conditions. 
In both cases suitable antifriction besrings 
may be used. These bearings locate the rotors 
between the side walls and centered in a sur- 
rounding wall without contact with either. If 
there is contact, pressure fluids entering rotor 
chambers cause them fo hug the walls like an 
old auto clutch and often prevent rotation. 
In Fig. X the pinion 77 is mounted on needle 
or follet bearings 77b on the stub shaft 77« fixed 
in the cover plate 7 , The outer rotor lack 
driving plate 75 is thrust by infernal fluid pres- 
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sure against the balls 72. These halls run be- 
tween collars and rings the saine as the halls 
8 in Fig. Il, and center the outer rotor in hous- 
ing 79. 
5 Our liquid pumps and gas compressors, and 
our Ratoid hydraulic and gas motors operate 
with greater efiïciency than with our earlier 
types of rotors, whether with even numbers of 
teeth differing by two, or with numbers of teeth 
]0 differing by one. This is owing to greater dis- 
placement for a given size, superior pressure 
driving aniles at full mesh producing a rolling 
drive suitab]e for high speeds, easier manufac- 
turing methods, and quicker delivery after 
15 chining, to users. 
Drawings cannot represent th actual sizes 
and shapes of rotor teeth. A discrepancy equal 
to the thickness of a line on this printed page 
might tender them so tight as to be inoperative, 
2O or so loose as to permit gas to flow between the 
teeth freely. 
Rotors are ruade with precision, with toler- 
ances down to lowest commercial limits. This 
keeps losses of defective units down to a reason- 
25 able degree. Back lash suits conditions from a 
few to many thousandths of an ïnch. 
Mathematics may be resorted to, in order to 
determine the inward limits of generation for a 
given set of conditions. The equations are in- 
30 tricate. 
Equations for cuives ienerated bF circulai 
toaster forms may be within the reach of some 
engineers, but equations for variable forms, other 
than circles, ellipses or cycloids, would be dif- 
35 ficult even for an Einstein. Enlarged geometri- 
cal drawings on a chart suffice to determine 
ameters» tooth curves, and displacements.. 
40 There are six geometrical stages invoived in 
arriving at continuons contact contours. 
1. Describing a cycloid with a point in  ratio 
circle of one of the rotors as it rolls on the ratio 
circle of the other rotor. 
45 2. Scribing a trochoid, using a point on an 
extended radius of the outer ratio circle as it 
rolls on the inner ratio circle, to do the scrbing. 
This curve is termed a "circroid." 
3. Finding the limits .within which the inner 
50 rotor contour must lie. 
4. Outlining an envelope within the limits, for 
tooth contours. 
5. Selecting a portion of the envelope for a 
side of a tooth, thereby determining the size of 
55 the pinion. 
6. Locating and limiting the contour of outer 
rotor teeth to cooperate with the pinion teeth. 
Fig. XV fllustrates the first two stages, and 
Fig. XVI fllustrates the last four stages. 
0 It is understood that when one side of each 
tooth is arrived at, the other side may (hOt must) 
be the saine curve reversed. 
Basic ratio circles A and B proportionai to 
the numbers of teeth are settled upon, and the 
5 inner one scribed in both figures. Next, in 
Fig. XV the path of the center of the outer circle 
as it rolls tangentially on the inner ratio circle 
is scribed. This circle E is termed the circle of 
eccentricity. A radius of B from a point in the 
0 circumference of E, thru the center of ] and 
thru the ratio circle A is drawn, preferably at 
an angle to a perpendicu]ar P (through the ec- 
centric axes) equal to one half of a pinion tooth 
division, itarting from this angular radius line 
7 the ratio circle A and the circle of eccentï'icity 
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E are divided into an equal number of divisions. 
Ten divisions are convenient, one ,of them being 
subdivided for reasons later recited. The di- 
visions on E start ai O, and the divisions on A 
start ai O(}, both nurnbered OEnticlockvse for 
convenence. 
If will be noted that ifs radius line 1% extends 
,beyond ratio circles. If is called a radicroid, a 
condensation of «radius of a circroid". As the 
outer ratio circle B rolls on A if carries along 
ifs radicroid i. The outer end of I describes a 
curve. The location of this end I is found by 
trial and error until an acceptable tooth curve 
is produced. The location of point .00 is con- 
venient for illustration. 
- While the inner end of the radicroid is trav- 
elling around the eccentric circ]e E, there is 
nothing to deterrnine ifs changing angles until 
we discover that it also intersected a zero point 
in B, and curiously that zero point was the one 
that scribed the cycloid Cy. Therefore the radi- 
croid followed that point along the cycloid, while 
its center traveled around E. If the center ad- 
vanced anticlockwise one division, or ïoth of the 
eccentric circ!e E, the point ]0] in B advanced 
anticlockwise, one division on the cycloid fo Cy 
0; that is, the point on the cyc]oid marked 
When on E, the radicroid is advanced anotheï 
10th to "2" ,on E--it swings angularly fo inter- 
sect the point 2(} on the cycloid; and so on until 
the cycloid veered back toward the ratio circle 
A again. 
Meanwhile the outer end of the radicroid bas 
been outlining the circroid C1%, a species of tro- 
choid. 
The different rolling positions .of B are indi- 
cated by the arcs B, the points 
etc. being the corresponding points of the cy- 
cloid Cy, and the points 0(}(}, (}8, 280 etc. being 
the corresponding points on the circroid. 
The next stage is described with relation to 
Fig. XVL The ratio circle A, with s0rne oï ts 
divisi.on points, and the circroid with its corre- 
sponding points are shown in this figure. 
The first objective is to fmd the intersection 
of norrns to the circroid, that lies closest fo the 
circroid. A norrn extends from a point in the 
circroid at the circle A, fo a point where the 
circle B is tangent toit. If the ,outer end oî the 
norrn is swung fo the right or left along the 
circroid, ifs ner end, the point of rolling con- 
tact of B on A, travels fo right or left with if. 
The noïm, for exarnple, frorn the point 00 in 
the circroid extends inter alia to the point 0(} of 
the ratio circle A. A norm from the next point 
0(} extends fo the point 
cause 0(} is at the tip of the radicroid, the ex- 
tended radius of B, when B bas rolled on A one 
division to the next point , the next instant 
center of the norm. 
Lflewise the norm from the point 2 of the 
circroid extends fo the point 22 of the circle A, 
and the norm from 250 extends fo 2. 
If lines are drawn ,between these various points 
their intersection with each other is nearest the 
circroid at about the point N. As further norms 
from $0 etc. are explored, they intersect farther 
and farther away from the circroid and need no 
fm-ther consideratiom The line /i is shorter 
than the distance from N to Ct. 
Let us therefore adopt the arc M, having the 
radius M, centered at 0(}, as the start, and draw 
additional arcs M2, with the sarne radius from 
successive points along the circroid. The tooth 
curve T is the envelope of the arcs, and it lies 

2O 
safely 6utside of N. If fo the left, inside of 
the arcs would cross each other and a theorei- 
calIy true generated curve would fail fo be real- 
ized. 
5 More specifically, the arcs B indicate suc- 
cessive locations of the ratio circle B, -rolling on 
A and pivoting on the trangential contacts be- 
tween B and A so that the end of the radi- 
croid scribing the circroid CI corresponds fo a 
10 straight line radius from the ciravoid to the ratio 
circ!e A, which is therefore the normal fo the 
circroid. 
The successive points of the circroid therefore 
are connected by normals, which are instant 
15 radii, to successive points on A, such as 00 fo 
0; 200 fo 22; 250 fo 25; 300 to 33 etc. Some 
of these radii diverge, but some converge and 
therefore intersect each other. When we locate 
the nearest intersection N to the circroid Clé, 
O we locate the limit within vhich, between the 
intersection and the circroid, the rotor curve 
rnust lie. The instant radii are hot shown in 
Fig. XVI as they might confuse, the diagrarn. 
But a straight edge applied from points on the 
2 circroid to corresponding points on A will verify 
the location of N. While drawings are hot 
curate as fo-points, a drawing on a scale of 10 
to 1, accurately laid off may corne so close that 
with an allowance for .aberrations, the rotor 
39 curve may be determined with safety, subject to 
mechanical verification. If the rotor curve by 
mischance lies fo the left of N in Fig. XVI, the 
cutting tool that generates wfll cut a correct 
curve then fo loop back and undercut if. If 
5 hot serious enough, little harm might result in 
sorne applications; but if rnay ï)e corrected by 
shifting the cutting tool fm-ther frorn the ratio 
circle axes until undercutting disappears. 
To put this another way, the radius IV[ rnay be 
.!0 shortened, or the radicroid lengthened so that 
the circroid C1% will ,be farther away. If the 
tooth curve is exactly at N, a sharp corner re- 
sults, usually of no benefit. By shifting the tool 
outward, the sharp corner disappears and a 
45 rounded corner results, much better for wear and 
f.or driving. 
Having arrived ata tooth cm-ve T, the next 
stage is fo select the portion suitble for a teoth. 
Let the arrns .of a protractor, centered at Y lie 
50 at angle of one ha]f of 360 ° divided by the num- 
ber of pinion teeth. The angle therefore is 36 °. 
Let this protractor swing the center Y to 
right and left until the portion of T enclosed 
between the arms is the desired curve. In Fig. 
55 XVI it extends from H to G, and establishes one- 
hall of a pinion tooth. By swinging the pro- 
_.tractor clockwise the width and strength of the 
tooth surfer. In ttie other direction the radial 
height is less and that rneans less displacement. 
60 The rnean position is adopted. 
The other side of the pinion tooth may have 
the saine curve in reverse, starting ai T. If if 
should have a different tooth curve, it would re- 
quire different generative curves on the other 
65 rotor. 
Next the tooth curve of the outer rotor is t0 be 
round. The curve M generated the pinion curve 
HG, therefore itis the curve f,or a correspond- 
ing side of an outer rotor tooth. In generat- 
70 ing the pinion curve H ihis toaster or tool 
curve M, or rather ifs center  travelled along 
the circroid Clé. Ifs center lies in a norm, or 
radius of M, from a point in C1% norrnal fo M, ai 
 I-I, therefore the tooth curve of khe outer rotor 
75 -begins at the same point H and may extend out- 
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ward to a circle M3 ut the tip G of a tooth at 
full mesh, the center of M3 ,,being at ¥2 in line 
with ¥ and G and in the circle E fo include the 
eccentricity. 
The other side of the outer rotor tooth may be 
the saine curve in reverse. 
These are forms of teeth in Fig. I. The round- 
ed variety of tooth space curve with a free run- 
ning fit over the tops of the pinion teeth, bave 
already been described. 10 
The radius of M may be shortened, and a new 
curve ttG generated to match. Or a circroid CI 
may be nearer the circle A. In case of vari- 
ations the point N has to be located in order to 
locate a curve ttG. Usually the theoretical sides 15 
of a tooth meet at G ai a point, but variations 
may airer the relations. 
Tips of the outer teeth in Fig. IX are modified 
by a sma]l.circle ||2 the center ||3 of which is 
outside of the outer ratio circle 
lng fo a circle B in Fig. XV. A tool of this cir- 
cular form and in the relative position of an 
outer rotor tooth may generate the pinion tooth 
curve ||. If also may generate u tool having 
the form of the pinion tooth, whlch then may 25 
generate the complete outer rotor tooth con- 
tours inc]uding the circular tips ||:2 that were 
used in the fin'st p]ace. The large drawing is 
used for laying out such teeth, .which bave 
vantages in manufacture. Precision cast pin- 30 
ions may be nal]y trimmed by u large grind- 
ing wheel having a rira with the shape ||2. 
As the displacement areas are mostiy outside 
of the ratio circles, they are about the maximum 
for rotors. 35 
Compressor ports are shown, the discharge 
port at 97 and the intake port af |{1 |, .,both mostly 
in dotted lines. 
The system of hardening on a plug, Fig. XII, 
is idea] for this type of rotors for precision with 40 
]ow cost. 
Out geometry may be applied to involute gear 
teeth, changing their curves so that the saine 
continuous driving contact across full mesh at 
steady ratio speeds may be attained, .which in 45 
that art is lacking, and is the cause of noise ai 
high speeds and under loads. 
Whfle we have described spocific curves and 
contours for teeth, it is understood that many 
variations may occur from those shown and spe- 
cifically described without departing from the 
principle underlying out rotors and gears. 
Whfle we bave descrbed the several embodi- 
ments of out invention, if emïraces combina- 
tions set forth in the claires, intended to ïnclude 
all systems of contours of rotors and ports char- 
acterized by the continuous contacts ai steady 
ratio speeds hot already covered in prior cases 
of ours or of either of us, regardless of curve 
interruptions or variations where such contacts 60 
are hOt needed. 
What we claire is: 
1. In a rotary fluid mechanism toothed dis- 
placement rotor members, one within, eccentric 
fo, and having fewer teeth than the other, in- 6 
wardly projecting teeth on one menber mesh- 
ing with outwardly projecting teeth on the other 
member, along a pathway between full mesh and 
a crescent range ,between the teeth at open mesh 
where no tooth engagements occur, displace- 70 
ment chambers between the teeth of said mem- 
bers sealed from each other by one side of said 
teeth as they close'in a pump or compressor or 
as they open in  fluid motor, drtve means con- 
nected to the outer rotor member causing its 

teeth to drive teeth of the inner member and 
maintain tooth engagements between said cham- 
bers, the other sides of said teeth being spaced 
upart to provide back lash between them to 
low tolerances of manufacture or uneven expan- 
sions, centers of curvature of said engaging teeth 
differing from each other in location und trav- 
e]ling far enough from their rotor axes to pro- 
vide said engagements during rotation; ports in 
said mechanism, one registering with opening 
chambers and one with closing chambers and 
abutment areas between said ports cooperating 
with said tooth engagements to check leakage 
. between said ports. 
2. The combination claimed in claire I hav- 
ing a difference of two teeth. 
3. The combination claimed in claire 1, having 
centers of curvature of each tooth spaced apart. 
4. The combination claimed in claire 1, hav- 
ing different numbers of teeth based on a basic 
tooth ratio having u difference of one. 
5. The combination c]aimed in claire 1, ïav- 
ing numbers of teeth differing by more than one 
based on a fractional basic tooth ratio. 
6. The combination claimed in claire I bar- 
ing. the port for c]osing chambers of a comptes- 
sot or for the opening chumbers of a gas 
tor shortened as compared to a port for liquids. 
7. The combination claimed in claire 1, hav- 
ing circular ,contours on the teeth of one rotor 
engaging ,contours on the teeth of the other rotor 
having a generative relation to said circular con- 
tours. 
8. The combination claimed in claire 1, hav- 
ing said driving connection comprising a plate 
provided with end thrust antifriction roHer 
bearings, and with radial follet bearing members. 
9. The combination claimed in claire 1, hav- 
ing said driving connection comprising a plate 
provided with end thrust antifriction rolling 
bearings, and with radial follet bearing mem- 
bers, suid rolling bearings comprising ba]ls 
tween fiat annular race rings for sustaining end 
thrust, and inner and outer radial race rings of 
cylindrical type. 
10. In a rotary fluid mechanism, toothed dis- 
placement rotors in said mechanism, one rotor 
member within and eccentric to the other, 
wardly projecting teeth on one rotor member 
meshing with outwurdly projecting teeth on the 
other rotor member; the teeth of one rotor ruera- 
ber having convex side portions engaging the 
teeth of the other rotor member to form cham- 
bers between the teeth, which open and close 
during rotation, the sides of said teeth having 
centers of curvature different from the centers 
of convex contours on the other sides of said 
teeth; said meshing tooth contours providing at 
open mesh a crescent range where no tooth con- 
tact occurs; said contours providing for con- 
tinuous drive contacts and fluid pressure hold- 
ing engagements along a pathway between full 
mesh and said crescent range; ports in said 
mechanism, one registering with opening rotor 
chambers and one with closing chambers; abut- 
ment areas between said ports, one abutment 
area nearer full mesh and one nearer said cres- 
cent range between which abutment areas said 
rotor chambers open or close during the perform- 
ance of pressure functions, said tooth contacts 
and engagements cooperating with said abut- 
ment areas in sealing said ports from each other; 
said tooth contours having centers of curvature 
travelling far enough from the rotor .axes to 
maintain said continuous contacts and engage- 
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ments; the numbers ofteeth ,f satd inner ánd 
-outer v0tor .members differing by two and based 
en a .ïractiongl ratio differing by ore. 
11. In a fiuid ,mechanism, .a oesi]ag, disDlace- 
ment toothed rotor members .in said casing, one 5 
member within a.nd eecentric te the other, 
members having numbers of teeth differing by 
two or .more, said numbe-rs of teeth beïng mul- 
tiples oï a basic ractional ratio having a 
ference of one, .drive me-ns connectéd te th'e 10 
outer rotor member causing the teeth OP the 
outer rotor member in a pump .or com.gressor 
te .engage the teeth of the inner mem.ber as they 
close and in a motor as they .open, said outer 
rotor member having inwardly projecting teeth 15 
and said inner rotor member having .outwardly 
projecting teeth meshing therêWith, said teeth 
having contours which forln rotor chambers 
opening and closing during rotation, and pro- 
vlding a crescent range at open mesh where no 
tooth contacts or engagements occur, said ooth 
contours providing continuouS traveling drive 
contacts and fiuid pressure holding engage- 
ments where needed for the performance of,fluid 
pressure functions betWeen ïull mesh and said 0_5 
crescent range, high and low pressure ports in 
said casing, one of saïd ports commurdcating 
with opening chambers and the other of said 
ports commurdcating with closing charnbers, 
abutment areas in said casing separating said 
ports and providing an interval ,between them 
for rotor chamber displacement, said fluid pres- 
sure holding engagements cooperating with .said 
abutment areas te prevent substantial leakage 
between said ports, and said tooth contoursbe- 35 
ing located around ratio cixcles or curves and in- 
cluding centers of curvature traveling ftr 

--enough eutside of said ratio ircle Or cïfrVe_S te 
pr0vicle said continuous conts and engage- 
ments. 
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